rates uncorrected and corrected for grazing and phytoplankton respiration losses were 315+26 and 45Ok37 mg C m-2 d-l, respectively. The former figure is comparable to the highest daily photosynthetic rates inferred from 14C studies at this station during 1968-l 980 and is about twice the mean of those historical productivity numbers. These results contradict the paradigm of subtropical gyres as vast biological deserts characterized by constantly low biomass and low turnover rates limited by the supply of nutrients. However, further studies will be needed to determine whether these high growth and production rates are typical or atypical of the central regions of the oceans.
The traditional concept that the central regions of the oceans are vast biological deserts (Ryther 1969) has been challenged by various experimental results and observations which suggest that depth-integrated photosynthetic rates in these regions may be as high as or higher than in coastal and upwelling areas (Kerr 1983) . The doubling times of 5-9 d estimated by Sharp et al. (1980) for phytoplankton communities in the North Pacific subtropical gyre are, for example, over an order of magnitude longer than the doubling times of 3 h estimated by Sheldon et al. (1973) and Sheldon and Sutcliffe (1978) for Sargasso Sea plankton on the basis of the rate of increase of total particle volume and of ATP, respectively. Most estimates of primary production based on the 14C method in open-ocean areas since 1970 have yielded photosynthetic rates of 100-300 mg C m-2 d-l (Owen and Zeitzschel 1970; Eppley et al. 1973; Gunderson I Hawaii Institute of Marine Biology Contribution 731.
2 This work was supported by National Science Foundation grants OCE 8 l-20 180 to E. to D. Redalje and G. Knauer as part of the PRPOOS project. Bienfang and Szyper 198 1; Bienfang et al. 1984) , but Tijssen (1979) estimated a gross primary production rate of 550 mg C m-2 d-* in the North Atlantic based on diel changes in dissolved 02, and Postma and Rommets (1979) calculated rates of over 1 g C mm2 d-' in the North Atlantic Equatorial Current based on diel changes in particulate organic carbon (POC). Thus discrepancies in growth rate and production estimates ranging from factors of 2-3 to over an order of magnitude exist in the recent literature on phytoplankton productivity in the central regions of the oceans. Are these discrepancies real and the result of temporal variability and spatial patchiness or are they largely the result of methodological artifacts?
Much of the evidence that the open ocean is unproductive comes from 14C studies. Some evidence has suggested that methodological artifacts, including in particular bottle confinement (Gieskes et al. 1979 ) and trace metal contamination (Fitzwater et al. 1982) , have led to large underestimates of primary production by this method. However, other studies (Sharp et al. 1980; Marra and Heinemann 1984) have revealed no statistically significant effects on 14C produc-905 tion measurements due to use of conventional methods of sampling and incubation. There is no doubt that the biomass of photosynthetic organisms in the open ocean is low. Above the deep chlorophyll maximum layer most reported Chl a concentrations fall in the range 0.05-o. 15 mg m-3 (Eppley et al. 1973; Sharp et al. 1980; Bienfang et al. 1984; Glibert and McCarthy 1984) , and phytoplankton carbon has been estimated to account for only 7-36% of POC (Sharp et al. 1980; Glibert et al. 1985) .
The fact that the biomass of phytoplankton is low in central regions of the oceans by no means implies that the photosynthetic organisms are growing slowly. The ratio of production to biomass (P : B) could itself be high even though both production and biomass were low. However, other lines of evidence have indicated that growth rates or P: B ratios are in fact low. Often cited as evidence of low growth rates has been the fact that assimilation ratios reported from open-ocean stations have almost always been < 5 g C (g Chl a)-' h-I and often < 2 (Eppley et al. 1973; Gunderson et al. 1976; Bienfang and Gunderson 197 7; Bienfang and Szyper 198 1) . Both fieldwork (Curl and Small 1965) and laboratory studies (Laws and Bannister 1980) have indicated that such low assimilation ratios must be associated with very low, nutrient-limited growth rates, a conclusion consistent with the doubling times of 5-9 d estimated by Sharp et al. (1980) . Also consistent with this scenario has been the observation that ambient concentrations of inorganic nitrogen and phosphorus in the central regions of the oceans often border on the limit of detection (Eppley et al. 1973; Carpenter and McCarthy 1975; Swift et al. 1976) .
The evidence supporting a scenario of high growth rate and high production has come from several different sources. Goldman et al. (1979) noted that the very low concentrations of inorganic nitrogen and phosphorus observed in surface waters of the open ocean do not preclude high growth rates, because similar concentrations are observed in the growth chamber of continuous cultures of nutrient-limited marine phytoplankton except at growth rates very close to the nutrient-saturated rate (pm). Goldman et al. (1979) also observed that the ratios of carbon to nitrogen (C : N) and carbon to phosphorus (C : P) in nutrientlimited continuous cultures of marine phytoplankton are negatively correlated with growth rate (CL) and approach Redfield ratios (Redfield et al. 1963 ) only as p approaches P,~. If one defines relative growth rate as the ratio p : pm, then the continuous-culture observations indicate that the C : N or C : P ratio in the cells approaches the Redfield ratio only when the relative growth rate approaches 1. More recent data collected by Goldman (1986) indicate that the quantitative nature of the relationship between C : N or C : P composition ratios and relative growth rate is highly insensitive to prevailing irradiance.
A very large number of analyses of particulate matter from the oceans' surface waters have indicated that C : N and C : P ratios of the seston are usually close to Redfield ratios (Goldman 1980 ; Copin-Montegut and Copin-Montegut 19 8 3). Although phytoplankton probably account for only a small fraction of seston in open-ocean systems, Goldman (1980) argued that rapid cycling of N and P and the presence of detritus would tend to make seston C : N and C : P ratios upper bounds on C : N and C : P ratios in the phytoplankton.
The implication of this argument combined with the continuous-culture results is that the relative growth rates of phytoplankton are close to 1. This conclusion does not necessarily imply that phytoplankton are growing rapidly in an absolute sense, but only that they are growing at a rate close to b,,,. Whether hm is high or low is an independent question.
Perhaps the most controversial recent data are estimates of depth-integrated primary production based on sediment trap data and seasonal dissolved O2 changes. Fluxes of particulate carbon into free-floating sediment traps in the North Pacific at a depth of 75 m were reported to be 68 mg C m-2 d-l (Knauer et al. 1979) . If the system is assumed to be in steady state and new production to be 5-l 0% of total primary production, as suggested by 15N tracer work with nitrate, urea, and ammonium (Eppley and Peterson 1979) , then this figure translates into a total primary production rate of 680-l ,360 mg C m-2 d-l. Shulenberger and Reid (198 1) estimated average photosynthetic rates at the depth of the shallow oxygen maximum (SOM) in the North Pacific and Sargasso Sea based on the accumulation of excess O2 over an assumed period of 120 d to be 2-7 times higher than rates implied by 14C incubations.
Such high estimates of primary production have been challenged by Platt (1984) , Platt et al. (1984) , and Platt and Harrison (1985, 1986) . Platt et al. (1984) argued on theoretical grounds that the upper limit for depth-integrated gross production in the North Pacific subtropical gyre is about 480-720 mg C m-2 d-l. Platt (1984) pointed out that there are some important gaps in the data analyzed by Shulenberger and Reid. In particular, the initial 0, concentration and temperature are unknown, and there is severe undersampling in the vertical, particularly in the region of the oxygen saturation peak. Platt and Harrison (1986) noted that the O2 accumulation observed in the North Pacific represents new production (Dugdale and Goering 1967) for which nitrate is the nitrogen source and concluded that the appropriate photosynthetic quotient is 1.8 or higher, rather than the value of 1.0 used by Shulenberger and Reid. Platt and Harrison (1985) further argued that in the open ocean new production is a much higher percentage (3 1%) of total production than the figure of 5-10% estimated from earlier 15N studies and that (p. 56) "biological properties in the ocean are highly variable in space and time." The latter point suggests that it may be misleading to compare 14C production numbers from a few locations and times with seasonal O2 accumulations, which obviously integrate over much larger space and time scales. Considering all these factors, Platt (1984) and Platt and Harrison (1986) concluded that there is no statistically significant difference between seasonal 0, accumulation data and 14C production numbers in the open ocean. While acknowledging some of the points raised by Platt (1984) and Platt and Harrison (1985) , Reid and Shulenberger (1986) still concluded that (p. 267) "the rate of primary productivity estimated from oxygen accumulation is much greater than that measured by the 14C method" and that in fact (p. 270) "Platt's numbers support our case."
In 1982 the National Science Foundation funded the plankton rate processes in the oligotrophic oceans (PRPOOS) project with the intention of bringing together an interdisciplinary group of scientists to try to resolve some of the discrepancies regarding primary production estimates in the open ocean. The initial work was performed at a series of stations within a few kilometers (in one case 70 km) of Oahu. Specific growth rates estimated for the phytoplankton community by various methods averaged l-2 d-1 (1.4-2.9 divisions d-l) at an irradiance equal to 35% of surface light (Laws et al. 1984) . Later, a second cruise to 28"N, 155"W ( Fig. 1 ) took place in August and September 198 5. Many of the same techniques were used in both the 1982 and 198 5 fieldwork, but most of the 1985 studies were performed at a station far from the influence of any land masses, and included simulated depth-profile studies as well as detailed time series. We report here the results of several aspects of the 1985 studies, namely the estimation of phytoplankton community absolute growth rates (p), relative growth rates (p : pm), and depth-integrated photosynthetic rates.
We thank C. Lorenzen and J. Downs for providing us with Chl a and irradiance data, J. Marra and K. Heinemann for providing 14C productivity data, and E. Renger for preparing clean sampling and incubation bottles.
Materials and methods
The 1985 cruise, aboard the RV Melville, lasted from 13 August to 8 September 1985. Initial sampling was performed at 2 1"20'N, 158"1O'W, about 3 km northwest of Kahe Point on the island of Oahu. Open-ocean sampling at about 28"N, 155"W, which is about 550 km from the nearest of the Hawaiian Islands (Fig. l) , began on 19 August 198 5. Sampling procedures (including the use of specially cleaned sampling and incubation bottles per Fitzwater et al. 1982) and data analysis were similar to those used by Laws et al. (1984) with the following exceptions. In the vertical profiles, samples were incubated on deck at irradiance levels corresponding to 100, 35, 21, 15, 3.5, and 1% of surface irradiance. The temperature in the incubators was kept within 0.5"C of in situ temperature for the given irradiance using temperature-controlled water circulators or surface seawater. The appropriate sampling depths for the given irradiance levels were estimated from irradiance-depth profiles obtained with a LiCor cosine-corrected, underwater quantum sensor. The 1% light level occurred at a depth ranging between 90 and 100 m. Temperature profiles were obtained with a Seabird CTD system. All particulate samples were obtained with glass-fiber GF/F filters. The filters used for Chl a analysis were immediately placed in 100% acetone and frozen at -20°C until further processing. In the laboratory the filters were sonicated in 90% acetone, the filter residue separated by centrifugation, and the Chl a concentration in the extracts measured on a Varian 5000 high performance liquid chromatograph (HPLC). Because of the large number of scientists involved (N 30), there was a limited amount of "wire" (nb Kevlar) time for particular experiments. Our studies included three vertical profile experiments and five time-series studies at 28"N, 155"W, and two time-series studies off Kahe Point. All incubations began at sunrise and ended 24 h later. Time-series incubations were all performed at 35% surface irradiance. The duration of the photoperiod was about 12.7 5 h. All incubations were performed in 4-liter polycarbonate bottles unless otherwise noted. Absolute growth rates (p) were estimated with the [ 14C]Chl a-labeling technique (Redalje and Laws 1981; Laws 1984; Welschmeyer and Lorenzen 1984) . Relative growth rates (p : pm) were estimated from the percentage of photoassimilated l 4 C incorporated into protein after a 24-h incubation. This percentage was assumed to vary linearly from 15 to 50% as the relative growth rate varied from 0 to 1 (DiTullio and Laws 1986).
Results
The results of the time-course studies at 35% surface irradiance are summarized in Table 1 and Fig. 2 . Results from all sampling dates and stations were remarkably consistent.
Particulate 14C activity had reached 60+7% (mean + SD) of the subsequent sunset value within 6 h of sunrise ( Fig. 2A) and by the following sunrise had declined by 24+4% from the value at the previous sunset. Thus photosynthetic rates tended to be higher in the morning than in the afternoon (Malone 197 l) , and a loss of particulate 14C activity was consistently observed in the dark, presumably due to the combined effects of phytoplankton respiration and zooplankton grazing. Despite the small number of replicates, a standard t-test indicated that both production and Chl a were significantly higher (P < 0.05) near Kahe Point (7.8OkO.42 mg C m-3 d-l and 0.083+0.011 mg m-3) than at 28"N, 155"W (5.1kl.l mg C m-3 d-l and 0.061+0.010 mg m-3). However there was no significant difference (t-test, P > 0.1) in photoperiod assimilation ratios between the stations, the mean (k SD) value being 9.5 + 1.4 g C (g Chl a)-' h-l .
The pattern of 14C incorporation into pro- 
tein (Fig. 2B ) followed a similar pattern at all stations. The percentage of 14C allocated to protein averaged about 30% throughout the photoperiod, but rose to 45+5% by the following sunrise. There was no significant difference (t-test, P > 0.05) in the percentage incorporation rates between Kahe Point and 28"N, 155"W at any time points. The increase in the percentage of activity in the protein fraction during the night reflected primarily a loss in activity in the nonprotein fractions, presumably due to respiration. The activity in the protein fraction increased by an average factor of only 1.09 during the night, whereas the percentage of the activity in the protein fraction increased from 32+4% to 45f5% during the night, a factor of 45/32 = 1.4 1. The cyclostat studies of DiTullio and Laws (1983, 1986) indicated that the 45 + 5% protein carbon figure would be associated with a C : N ratio of 6.2kO.7 by weight and a relative growth rate (sensu Goldman 1980) of 86 + 14%.
The specific activity of the Chl a C (and presumably phytoplankton carbon) followed qualitatively similar patterns at all stations (Fig. 2C) , with the specific activity steadily increasing during the photoperiod but changing very little at night. Because of changing meteorological conditions and the existence of a day-night cycle, these specific activities were not expected to follow a smooth exponential curve (Welschmeyer and Lorenzen 1984) , but the growth rates calculated from the data can be shown to be average values over the time interval from sunrise to the time of sampling (Laws 1984) . The 24-h growth rates calculated from these data were not significantly different between the Kahe Point and 28"N, 155"W stations (t-test, P > 0.1) and averaged 1.26kO.39 d-l. Although the correlation between estimated relative and absolute growth rates was positive, the product-moment correlation coefficient was only 0.20 for all seven station times. This lack of good correlation could reflect a combination of analytical noise, methodological problems, and true variations in the pm values of the phytoplankton communities sampled. The pm values estimated from the quotient of the absolute and relative growth rates at each station time averaged 1.49kO.44 d-l or a little over two doublings per day. In summary, the time-series studies indicated that the biomass and productivity were higher near Kahe Point than at 28"N, 155"W, but assimilation ratios, estimated absolute growth rates, and percentage allocation of photosynthate to protein-all indicators of the physiological condition of the phytoplankton community-were similar at all stations and consistent with the assumption that the growth rates of the phytoplankton were little affected by nutrient limitation.
In conjunction with the time-series study of 4 September 1985, parallel incubations were performed in bottles ranging in size from 0.25 to 24 liters (Table 2) . Production results were very similar in the 0.25-, 4-, and 24-liter bottles, a result unlike the pronounced bottle-size effects reported by Gieskes et al. (1979) . The cause of the 35-40% lower production in the 0.5-liter bottle is unknown, but the result cannot be attributed solely to the small size of the incuba- Table 3 . Averages of the initial and final Chl a concentrations in the incubation bottles increased almost linearly with depth of sampling, from a value of about 0.05 mg m-3 at the surface to about 0.23 mg m-3 at 100-m depth (Fig. 3) . Both production and assimilation ratios followed qualitatively similar trends as a function of irradiance on the three study days (Fig. 4) , with a maximum at about 35% of surface irradiance. Assimilation ratios declined on a percentage basis more rapidly than production with decreasing light below this maximum, due to the positive correlation between Chl a and depth (Fig. 3) . The percentage of the photoassimilated 14C that was incorporated into protein after a 24-h incubation (Fig. 5) varied from 4 1 tS> 53%, with most of the variation in the upper 30 m of the water column (i.e. irradiances > 15% of surface values). At these depths incorporation of photoassimilated 14C into protein averaged 46 + 3%, a figure which implies a relative growth rate of 89 29% (DiTullio and Laws 1986). At depths ~60 m (l-3.5% of surface irradiance) the perc This ratio equals 1 -exp(-PL), where EL is the average phytoplankton growth rate from time 0 to time t (Laws 1984 ). Symbols as in panel A. centage of photoassimilated 14C incorporated into protein was consistently between 48 and 53% and averaged 5 1*2%. This average figure implies a relative growth rate of virtually 100%.
Phytoplankton growth rates estimated from the incorporation of 14C into Chl a . after 24 h followed a pattern similar to the production and assimilation ratio results, but with no evidence of suppression at the surface (Fig. 6 ). Laws and Bannister (1980) noted that on theoretical grounds the relationship between assimilation ratio and growth rate should be curvilinear. Under nutrient limitation the assimilation ratio is expected to be highly sensitive to growth rate at low growth rates but insensitive to growth rate at moderate to high growth rates. Just the opposite trend is expected under light limitation. When our calculated growth rates and assimilation ratios are plotted against each other (Fig. 7) , the pattern corresponds to expectations for light-limited growth. At the three lowest irradiances, assimilation ratios and growth rates were al-* most directly proportional to each other [mean ratio = 46 -+ 13 g C (g Chl a)-'1, but at the three higher irradiances assimilation ratios varied by a factor of over four, although growth rates varied by ~40% (mean = 1.2kO.2 d-l). The quotient of the mean absolute growth rate at high light and the corresponding relative growth rate implies a pm value of 1.2*0.2/0.89&0.09 = 1.35kO.26 d-l.
Recent laboratory (Nelson et al. 1978; Falkowski and Owens 1980) and field results (Bienfang and Gunderson 1977; Tilzer and Goidman 1978) have indicated that the depth of the euphotic zone may extend considerably below the 1% surface light level and for some macrophytes as deep as the 0.0 1% surface light level (Littler and Littler 1985) . Our sampling for 14C productivities extended only to the depth of the 1% light level (90-100 m). Data collected concurrently with our work show significant con- . In order to estimate the contribution to integral production from depths below the 1% surface light level, we graphed our assimilation ratio data vs. depth on a log-log plot (Fig. 8) .
The relationship was highly linear at depths >20 m (r = -0.98) and yielded extrapolated assimilation ratios of 4.2, 2.4, and 1.5gC(gChla)-1d-1at 110, 150,and200 m. These assimilation ratios were multiplied by the Chl a concentrations measured at the same depths to yield production estimates at 110,150, and 200 m. Using our own data to the 1% surface light level and these estimated rates at 110, 150, and 200 m, we calculated integral production from the surface to 200 m with the trapezoid rule for numerical integration (Table 3 ). The contribution to integral production from depths below the 1% surface light level averaged 14% of integral production at the three sta- tions-a figure very similar to the mean of 12% for the same depth interval calculated by Venrick et al. (1973) at nearby stations in 1968-1971. 
Discussion
The growth rates reported here clearly imply that the populations we sampled were growing rapidly both in relative and absolute terms. These results are consistent with the earlier PRPOOS fieldwork near the Hawaiian Islands (Laws et al. 1984) . Both data sets imply relative growth rates of 80% or more based on the 14C protein-labeling method, and the light-saturated absolute growth rates of 1.2 d-' estimated by the Chl a-labeling technique are close to the maximum that would be expected at the ambient temperature of 25°C. Empirical equations derived by Eppley (1972) and Goldman and Carpenter (1974) pm can be highly nonlinear (Paasche 1968) . The pm values of 1.7kO.6 and 1.4kO.3 d-l estimated from the ratio of absolute and relative growth rates in the 1982 and 1985 fieldwork therefore seem reasonable.
The light-saturated growth rates of 1.2 +0.3 d-l and mean photoperiod assimilation ratios of 9.5 _+ 1.4 g C (g Chl a)-' h-l reported here are both considerably higher than the growth rates of 0.08-O. 14 d-l (Sharp et al. 1980 ) and assimilation ratios of I 5 g C (g Chl a)-l d-l (Eppley et al. 1973; Gunderson et al. 1976; Bienfang and Gunderson 1977; Bienfang and Szyper 198 1) estimated for phytoplankton communities of the North Pacific subtropical gyre by traditional 14C methods. Is there reason to believe that the earlier estimates were in error?
Bottle confinement and trace metal contamination have both been implicated as possible causes of artificially low production numbers in standard 14C incubations (Gieskes et al. 1979; Fitzwater et al. 1982) . However, both the present study (Table 2) and earlier work (Sharp et al. 1980; Marra and Heinemann 1984) indicate that these artifacts are not consistently observed. It is therefore unclear which, if any, of the historical 14C data were compromised by such problems. The work of Gieskes et al. (1979) and Fitzwater et al. (1982) indicates, however, that the use of large (-4 liter) incubation bottles and reasonable precautions to avoid trace metal contamination are advisable to minimize methodological artifacts.
To compare 14C production estimates with gross production numbers derived from O2 measurements, some correction to the 14C values must be made for the effects of respiration and zooplankton grazing. The question of exactly what the 14C method measures has been a subject of much controversy (Peterson 1980; Dring and Jewson 1982) , and it seems clear that correct interpretation of the results depends in part on how long and under what conditions the incubation is conducted. Recent experiments with cyclostats have shown that if cells are inoculated at the beginning of the photoperiod and the incubation carried out for 24 h, then the 14C method yields a value virtually identical to net production when the relative growth rate of cells is 2 0.5 (DiTullio and Laws 1986) -a condition satisfied in the present studies for all incubations based on percent protein values. Under the same conditions, the value calculated when the incubation is stopped at the end of the photoperiod appears to be very close to gross production (DiTullio and Laws 1986) -a conclusion also reached by Dring and Jewson (1982) . The fact that particulate 14C activity declined by an average of 24% during the night in our time-series studies clearly shows that the 24-h value is not to be equated to gross production.
To estimate the importance of grazing and phytoplankton respiration on our calculated production rates, we utilized a theoretical model developed by Laws (1984) . The critical inputs to the model are the growth rate and respiration rate of the phytoplankton, the zooplankton grazing rate, and the percentage of grazed carbon that is respired or excreted by the zooplankton. When our calculated growth rates (Fig. 6) are integrated from the surface to the 1% light level, the average value is almost exactly 1 .O doubling per day. We assumed the zooplankton graz- ing rate to be constant throughout the 24-h period and to be just sufficient to remove net carbon production by phytoplankton. Zooplankton were assumed to excrete or respire 60% of the carbon consumed (Laws 1984) . Photosynthesis was assumed to be confined to the photoperiod, and phytoplankton respiration rates in the dark and light were assumed to be identical. Phytoplankton were assumed not to respire 14C during the photoperiod (Bidwell 1977) . With the phytoplankton net growth rate set at 1 .O doubling per day, we adjusted the phytoplankton respiration rate until the model predicted a 24% loss in particulate 14C activity during the night. The corresponding respiration rate was 0.2 d-l, a reasonable value to be associated with a net growth rate of 0.7 d-' (Pickett 1975; Laws and Wong 1978; Laws and Bannister 1980) .
The output of the model indicated that zooplankton grazing caused a 23% loss of gross14C assimilation over a 24-h period, but only an 8% loss during the photoperiod. The smaller percentage loss during the photoperiod is because the specific activity of the respired and excreted carbon increases steadily from an initial value of zero at the start of the photoperiod to a maximum value that remains virtually constant through- out the night (e.g. Fig. 2C ). Gross carbon assimilation rates were therefore estimated by dividing the 14C production figures for 24 h by 0.76 to correct for night grazing and respiration losses and again by 0.92 to correct for photoperiod grazing losses. The total correction factor is therefore 1/[(0.76) (0.92)] = 1.43. In estimating gross nitrogen assimilation, we assumed no loss due to phytoplankton respiration. The only loss was assumed to be the 23% loss to grazing, and the correction factor was therefore I/( 1 -0.23) = 1.30.
The same correction factors were applied to the depth interval from the 1% light level to 200 m. However, for that depth interval the correction factors must be regarded as little more than educated guesses. Growth rates at these low irradiance levels are obviously low (Fig. 6) , and it seems likely that grazing losses exceed production.
Fortunately since the contribution to integral production from this depth interval is only 14 +4%, the integral of gross production is rather insensitive to the correction factor applied to this depth interval.
It is now instructive to compare our calculated gross production estimates (Table  3 ) with the production model utilized by Platt et al. (1984) . According to that model, integral production (IP) to a depth of 200 m is calculated from the equation 
The symbols used in these equations are defined in Table 4 . We integrated Eq. 1 and 2 numerically with the trapezoid rule and the experimentally measured values of Chl a and lo for each vertical profile experiment. PlnB was set equal to 9.5 g C (g Chl a)--' h-L based on the data in Table 1 and on the assumption that the duration of the photoperiod was 12.75 h. The parameter { was assigned a value that produced 1% surface irradiance at the depth at which this irradiance was observed experimentally, and K was assigned a value of 0.016 m2 (mg Chl a)-' on the basis of the work of Bannister (1974) . One Einstein of visible sunlight was assumed equivalent in energy to the organic matter associated with 4.66 g of phytoplankton carbon (Strickland 1958; Platt and Irwin 1973 ). The parameter f was then varied to reproduce the estimated gross production rates in Table 3 . The complete set of parameter values is shown in Table 4 .
The calculated values of { combined with the observed depths of the 1% light level indicate that about 80% of the light attenuation above the 1% light level was due to factors other than Chl a. Goldman (1979) summarized various theoretical and experimental evidence which indicates that E cannot exceed 0.2. The values of 4 needed to reproduce our gross production estimates average only 0.09&0.01 and are therefore well within the bounds imposed by thermodynamic and physiological considerations. In short, there is no evidence that our production results violate any laws of nature.
Studies conducted with the 14C technique at 28"N, 155"W on a series of 10 cruises between 1968 and 1980 yielded average production rates integrated to the 1% light level of 102 (range of cruise averages 53-170) mg C m-2 for half-day incubations conducted from noon to sunset (Hayward et al. 1983) . Extrapolating these figures to 24-h values is not straightforward (Eppley and Sharp 1976 ), but as a first approximation it seems reasonable to estimate photopcriod production as twice these figures. If a nighttime loss of 24% of the particulate 14C activity is assumed (see results), esti-mated daily production rates would be 155 witharangeof81-258mgCm-2d-1.These figures are to be compared to a mean of 273 + 33 mg C m-2 d-l obtained in the present studies over the same depth interval (Table 3) . Thus our results, while about a factor of two higher than the mean of the historical values at this station, are in fact comparable to the highest of those values. Marra and Heinemann (1987) reached a similar conclusion in comparing their primary production rates measured during the 1985 PRPOOS cruise with the historical data summarized by Hayward et al. ( 1983) .
Both the 1982 and 1985 PRPOOS field studies indicated that phytoplankton populations in the North Pacific subtropical gyre were growing rapidly in a relative and absolute sense, with doubling times under optimal light conditions of about 12-14 h. Light-saturated assimilation ratios were consistently found to be about 10 g C (g Chl a)-' on average over the photoperiod. The latter results clearly contrast with the doubling times of 5-9 d estimated by Sharp et al. (1980) and the assimilation ratios of < 5 g C (g Chl a)-' h-l consistently reported from this region of the ocean (Eppley et al. 1973; Gunderson et al. 1976; Bienfang and Gunderson 1977; Bienfang and Szyper 1981) .
It seems premature, however, to assume that all the old data are in error or that high production and growth rates are the norm. Platt and Harrison (1985) have argued that the oceans and in particular the subtropical gyres are (p. 56) "highly variable in space and time" and that (p. 56) "transient fluctuations away from oligotrophy will account for a high proportion of the annual primary production."
Although methodological artifacts associated with bottle confinement or trace metal contamination may have affected some earlier 14C experiments, it seems clear from the work of Sharp et al. (1980) and Marra and Heinemann (1984) that these effects are not ubiquitous. What the PRPOOS results do show is that the central regions of the oceans can no longer be regarded as biological deserts in which both biomass and turnover rates are constantly low and limited by nutrient availability. Whether the high production and growth rates observed in the PRPOOS studies are typical or atypical cannot be determined, however, without a thorough study of temporal and spatial variability.
